Spines rendered unstable by traumatic, tumorous or degenerative disorders are often stabilized by an internal spinal fixation device. Different loads act on the spine and fixators in an upright and a lying body position. Direct measurement of the complete spinal load is not yet possible. Intradiscal pressure has been measured in different body positions [4, 12] , and was found to be significantly lower in a lying than in an upright body position. Nachemson [4] reported a 40% higher intradiscal pressure for sitting than for standing. In a recent study, Wilke et al.
Introduction
Spines rendered unstable by traumatic, tumorous or degenerative disorders are often stabilized by an internal spinal fixation device. Different loads act on the spine and fixators in an upright and a lying body position. Direct measurement of the complete spinal load is not yet possible. Intradiscal pressure has been measured in different body positions [4, 12] , and was found to be significantly lower in a lying than in an upright body position. Nachemson [4] reported a 40% higher intradiscal pressure for sitting than for standing. In a recent study, Wilke et al. [12] measured nearly the same pressure for standing as for sitting.
Little information exists about implant loads in different body positions. Rohlmann and co-workers instrumented an internal spinal fixator and measured the loads on the fixator for many activities, including physiotherapy, walking, and bending the upper body while standing [6] [7] [8] [9] . Implant loads were altered by anterior interbody fusion (AIF) with an autologous bone graft from the iliac crest [11] .
The aim of this study was to compare fixator loads for various body positions, including standing, sitting, and lying in a supine, prone, and lateral position.
Materials and methods

Instrumented internal fixator
The bisegmental internal spinal fixator described by Dick [2] was modified to measure three force and three moment components acting on it. A measuring cartridge was integrated into the longitudinal threaded rod containing six load sensors, a telemetric unit and a coil for the inductive power supply of the electronic system. The patients were videotaped during the measurements, and loaddependent signals of the paired implanted telemeterized fixators were stored together with the images. Implant loads were calculated from the telemetric signals and displayed online and offline on a computer monitor. The instrumented implant, the telemetric unit, the external equipment, and the accuracy of the device have previously been described in detail [3, 5] .
Patients
Instrumented internal spinal fixators were implanted in ten patients (Table 1) . Three patients evidenced degenerative instability, while Abstract Telemeterized internal spinal fixation devices were implanted in ten patients. The loads acting on the fixators were compared for different body positions, including standing, sitting, and lying in a supine, prone, and lateral position. Implant loads differed considerably from patient to patient depending, for example, on the indication for surgery and the surgical procedure. They were altered by anterior interbody fusion. Mostly, only small differences in implant loads were found for the various lying positions. Flexion bending moments were significantly higher in upright than in lying body positions. Loads on the fixators were not higher for sitting than for standing. Patients who have undergone mono-or bisegmental spine stabilization should therefore be allowed to sit as soon as they can leave the bed.
four had a fresh and three an old vertebral compression fracture. AIF using iliac crest bone grafts was performed in a second session except in patient 7, in whom it preceded fixator insertion. Thus, no fixator loads were available before AIF in that patient. Two bone grafts were inserted in the patients with degenerative instability, while one large bone graft was used in two patients with an old compression fracture (patients 2 and 8). Five patients (3, 5, 7, 9 , and 10) had only the upper bridged disc removed and the lower one was left intact. A Zielke fixator was additionally implanted ventrally during AIF in patient 8.
The Ethics Committee of our university approved clinical implantation of the modified fixators in up to ten patients. Prior to surgery, the procedure was explained to the patients, and they gave their written consent to implantation of instrumented internal spinal fixators and subsequent implant load measurements.
Measurements
Implant loads were measured once or twice a week during hospitalization, and then about once a month until implant removal. In this study, loads for standing, sitting, and lying in a supine, prone, and lateral position are compared for two points in time. The first point was a few days before, the second about 100 days after AIF. Previous measurements had shown that the axial force and the bending moment Mb,sag in the sagittal plane are the most important load components. These two are thus compared here. However, bending moments are much more important than axial forces in protecting implants from breakage. A negative axial force component was evoked by implant compression and a negative (flexion) bending moment Mb,sag by a load approximating the ventral tips of the upper and lower Schanz screws.
Some patients had markedly different implant loads in consecutive sessions. Median implant load values for the body positions studied were therefore determined at the two time points during three measuring sessions. Average loads of single fixators were used to determine median and extreme values for the different groups of patients.
T-tests for matched pair differences were performed to detect statistical differences between implant loads in different body positions. Table 2 gives the median axial force and bending moment in the sagittal plane measured for different body positions in all patients prior to AIF. The fixators evidenced an axial compression force and a flexion bending moment in most cases. Considerable load differences were found between the left and right fixator. In some cases (e.g., patients 1 and 2), a flexion bending moment was measured on one side and an extension bending moment on the other. Table 3 gives the median axial force and bending moment Mb,sag at about 100 days after AIF. Insertion of bone grafts altered implant loads considerably in some cases (patients 1, 4, 6 and 8). The bridged region was compressed by the fixators in patients 2 and 7, who thus had low and nearly constant fixator loads in different body positions. Figure 1 compares the average fixator loads in different body positions for the times before and after AIF. Sig- nificance levels for implant loads in different body positions are given in Table 4 . The highest axial forces were measured for standing. However, axial forces acting on the fixators were mostly low. Flexion bending moments were significantly lower (P < 0.001) in a lying than in an upright body position. Implant loads differed only slightly for the various lying positions. No significant differences were found between lying in a supine and a prone position. However, flexion bending moments for lying were significantly higher in a lateral than in a supine position. Except in the case of flexion bending moments before AIF, implant loads were significantly higher for standing than for sitting (P < 0.05). Slightly higher flexion bending moments were measured after than before AIF. Figure 2 shows the median and extreme pre-AIF implant loads measured in different body positions for various surgical indications. There are considerable differences between median values of single fixators within a group, as reflected by the broad ranges of loads measured. Flexion bending mo- Standing -*/NS */*** **/*** */*** Sitting */* -NS/*** */*** NS/*** Supine */*** NS/*** -NS/NS NS/*** position Prone **/*** */*** NS/NS -NS/* position Lateral **/*** **/*** NS/** NS/NS -position NS = not significant (P > 0.10); * P < 0.05; ** P < 0.01; *** P < 0.001 ments were lower on average in cases with degenerative instability than in those with a vertebral compression fracture. The average fixator load was lower for sitting than for standing in patients with degenerative instability. Implant loads after AIF are shown in Fig. 3 for different surgical indications and various body positions. Due to AIF, flexion bending moments in the fixators increased in the cases with degenerative instability and decreased in those with an old vertebral compression fracture, but stayed nearly constant in those with a fresh compression fracture (cf. loads in Fig. 2 ). The lower of the bridged intervertebral discs was left intact in the latter group.
Results
Left N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A Right N/A N/A N/A N/A N/A N/A N/A N/A N/A N/
Discussion
The indication for surgery, the bridged vertebral level, and the surgical procedure differed in the ten cases studied.
However, there were some common findings relating to implant loads:
1. Axial forces were usually compression forces, bending moments mostly flexion bending moments. 2. They were altered by AIF. 3. They were not higher for sitting than for standing. 4. They were generally higher for an upright than for a lying position. 5. Mostly minor differences were found for the various lying positions.
Fixator loads varied from one measuring session to another. They are influenced by factors such as wound pain and muscle condition. Wound pain was normally mild in the sessions shortly before AIF. For comparison of implant loads after AIF, we chose measuring sessions around 100 days after AIF, when wound pain was gone and solid fusion had not yet occurred. In most cases implant loads changed only slightly in the postoperative temporal course. Implant loads differed from patient to patient. The partial body weight above the implant level influences the loads, but an even greater influence was exerted by other factors such as the indication for surgery and the surgical procedure (increasing lordosis, compression or distraction of the bridged region) [11] . In patients with degenerative instability, distracting the bridged region led to relatively low bending moments in the fixators before AIF (Fig. 1) , but much higher ones thereafter. In patients with a fractured vertebral body, distraction involved relatively high bending moments before AIF. Their loads were much less influenced by AIF than those in the patients with degenerative instability. When the bridged region was compressed by the fixators (patients 2 and 7), implant loads differed only slightly for the various body positions. Loads were low in these cases.
Three patients were wearing a Boston overlap brace during some measuring sessions. However, a brace has only a negligible influence on implant loads [10] .
Marked implant load differences were often found between the left and right fixator. Possible reasons for this include unilateral distraction during implantation of the fixators to compensate for slight scoliosis, the position of the bone graft, and unilateral alteration of the muscle strength due to the surgical approach.
The difference between bending moments in the sagittal plane for an upright and a lying position indicates the stiffness of the bridged region. Compression of that region (patients 2 and 7) was associated with a small difference and thus a high stiffness. Distraction led to marked load difference and a low stiffness.
Leaving the lower bridged intervertebral disc intact caused relatively high flexion bending moments in the fixators when the bridged region was not compressed by the implants. Preloading may cause nutritional problems for the disc involved. Little is known about the fate of bridged intervertebral discs when the fixators have been removed. Wilke et al. [12] measured the intradiscal pressure and found values between 0.08 and 0.12 MPa for lying positions. They varied between 0.45 and 0.50 MPa for sitting and standing. The intradiscal pressure was about five times higher in an upright than in a lying position. Our patients also tended towards higher implant loads in an upright than in a lying position, but the differences were generally smaller. Flexion bending moments differed only slightly for sitting and standing, except before AIF in patients with degenerative instability (Fig. 2) , where loads were significantly lower for sitting than for standing. Nachemson [4] found a 40% higher intradiscal pressure for sitting than for standing. Measuring intradiscal pressure with a more advanced transducer, Wilke et al. [12] measured slightly lower values for sitting than for standing. Althoff et al. [1] precisely investigated body height in several test persons and found that prolonged standing decreased body height by reducing disc height. When the test person sat after standing, the body height increased again. This suggests that the spinal load is higher in a standing than in a sitting position. We think that patients submitted to spine stabilization with mono-or bisegmental fixators should be mobilized for sitting and standing at the same time.
Implant loads for various lying positions usually differed only slightly, and no statistical differences were found between lying in a supine and a prone position. The highest bending moment in a fixator was measured 23 times for a right lateral position, 10 times for a prone position, and 6 times for a supine position. Nachemson [4] found a three-fold pressure increase from lying supine to lying on one's side, while Wilke et al. [12] , using the new device, measured nearly a constant intradiscal pressure for lying in a supine (0.10 MPa), a prone (0.11 MPa), and a lateral position (0.12 MPa). Lateral flexion of the upper body while standing increased implant loads on the concave side and decreased them on the convex side [8, 9] . Gravitational forces and different supporting points should change the spinal shape in various lying positions. Since implant loads differ only slightly for these body positions, there should only be minor deformations of the bridged region. Spinal shape changes when moving from one lying position to another probably occurred mainly in the adjacent motion segments. Since these deformations are much lower than the possible motion ranges of these segments, they should cause no harm to the adjacent intervertebral discs.
Patient 8 had an additional Zielke fixator mounted onto the left side of the vertebral bodies, since the spinal curvature could not be re-established during implantation of the dorsal fixators. The anterior implant decreased fixator loads, especially on the left.
For at least one fixator of patients 5, 7, and 10, the axial compression force was higher in a lying than in an upright body position (Tables 2, 3 ). In these patients the T11 or T12 vertebra was bridged. The fixators are mounted on the concave side in the lumbar spine and on the convex side in the thoracic spine. In an upright position the axial load on the spine is higher, which increases the spinal curvature. Since the axis of rotation is on the ventral side of the fixators, an increasing spinal curvature raises the concave-sided and lowers the convex-sided compression force.
